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In-Space Repair of Reinforced Carbon-Carbon 
Thermal Protection System Structures 
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Advanced repair and refurbishment technologies are critically needed for the 
thermal protection system of current space transportation system as well as for 
future Crew Exploration Vehicles (CEV). The damage to these components could 
be caused by impact during ground handling or due to falling of ice or other 
objects during launch. In addition, in-orbit damage includes micrometeoroid and 
orbital debris impact as well as different factors (weather, launch acoustics, 
shearing, etc.) during launch and re-entry. The GRC developed GRABER (Glenn 
Refractory Adhesive for Bonding and Exterior Repair) material has shown 
multiuse capability for repair of small cracks and damage in reinforced carbon- 
carbon (RCC) material. The concept consists of preparing an adhesive paste of 
desired ceramic with appropriate additives and then applying the paste to the 
damaged/cracked area of the RCC composites with adhesive delivery system. The 
adhesive paste cures at 100-120°C and transforms into a high temperature ceramic 
during simulated entry conditions. A number of plasma torch and ArcJet tests 
were carried out to evaluate the crack repair capability of GRABER materials for 
Reinforced Carbon-Carbon (RCC) composites. For the large area repair 
applications, integrated system for tile and leading edge repair (InSTALER) have 
been developed. In this presentation, critical in-space repair needs and technical 
challenges as well as various issues and complexities will be discussed along with 
the plasma performance and post test characterization of repaired RCC materials. 
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Background and Introduction 
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National Aeronautics and Space Administration 
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Carbon/Carbon - 2 dimensional lay-up 


Cross Sectional View Showing Carbon/Carbon, 

SiC, and Type A Sealant 
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Dr. Nathan Jacobson, NASA GRC 
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Detail of Backface Damage 



Damage to Leading Edges During 
Impact Testing on Ground 
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Performing Repair in Space Environment 

Technical and Operational Challenges 
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Space vacuum is quite high (10' 7 or lO* 8 Torr). 


EVA Considerations and Concerns 
for In Space Repair 
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required to accomplish access, restrain the 
crewmember and effect the repair 
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Typical High Temperature Testing Steps for 
Evaluation of Repair Materials 



Arc Jet Testing at HYMETS (LaRC) 

ARC and LCAT 
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Glenn Refractory Adhesive for Bonding 
and Exterior Repair (GRABER) for Crack Repair 
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The temperature control bath has capability from 
- 20 C ( - 4 F) to 180 C (356 F) 
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Shear Rate / (1/s) 



Viscosity of GRABER Stored at Room Temperatures 
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Materials stored for different times at room 
temperature show consistent viscosity 
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Material was Tested under Vacuum 


Storage Effects on GRABER 5A 

Material Stored in a Freezer at -15 C 

Materials stored for different times (1-3 months) had similar 
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Material was Tested under Vacuum 


Crack Repair, ArcJet Testing, and 
Post Test Characterization 
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during the ArcJet Tests 



WLE Entry Temperature Profiles 

Panel 9 (55% Span) Temperature Profile for Nom ISS EOM 
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Pre-Test Photographs of Repaired Specimens 

Run 12 -Model 1993 

(0.035”or ~0.89 mm wide crack, GRABER-5A) 
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Percent Argon = 6% @ 2960F condition 
Add air = 1 1 .6% @ 2960F condition 

Anomaly: water leak from electrode, which allowed water vapor in the stream 




ArcJet Testing of Repaired Specimens 

Run 12 -Model 1993 

(0.035”or ~0.89 mm wide crack, GRABER-5A) 



Percent Argon = 6% @ 2960F condition 
Add air = 1 1 .6% @ 2960F condition 

Anomaly: water leak from electrode, which allowed water vapor in the stream 
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ArcJet Testing of Repaired Specimens 

Run 14 -Model RCC 8 

(0.062”or ~1.58 mm wide crack, GRABER-12A) 
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Percent Argon = 6 % @ 2960F condition 
Add air = 1 1.6% @ 2960F condition 

Temperatures on model face were higher than previous runs (-3100F) 




ArcJet Testing of Repaired Specimens 

Run 17 - Model RCC 1 

(0.062”or ~1.6 mm wide crack, GRABER-5A) 
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Percent Argon = 6% @ 2960F condition 
Add air = 1 1.6% @ 2960F condition 

Anamoly: Edge failure, sample removed after -130 seconds @ 2960F condition 
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Crack filled with Graber material 





ArcJet Sample 150-11, RCC-1,GRABER 5, 0.062” Crack 
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Flexible ceramic overwraps have shown excellent 
plasma performance in ArcJet testing conditions. 


